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AIRBORNE RADIOMETRIC SURVEY OF THE EAST FLANK OF
THE BIG HORN MOUNTAINS, WYOMING AND MONTANA

ABSTRACT

An airborne radiometric survey of parts of the east flank of the Big
Horn Mountains was begun on June 23, and completed on August 27, 1952.
An area of approximately 250 square miles was covered, and only two anom-
alies were found in the entire area. Flight lines were arranged in accord-
ance with the geology of the area, particular attention being given to
formations the stratigraphic equivalents of which are known to be uranium
bearing in other areas.

Two additional zones of radioactivity were found by ground investigation,
but assays from both the ground and the airborne discoveries showed no
economic uranium deposits.

INTRODUCTION

An airborne radiometric survey of parts of the east flank of the Big
Horn Mountains and the western edge of the Powder River Basin (Plate I)
was begun on June 23, 1952. This work was conducted on behalf of the
Denver Exploration Branch by the Technical Services Section of the Grand
Junction Exploration Branch. It involved detail flight coverage of strata
known to be uranium bearing in areas to the east of the Powder River Basin.
Reconnaissance flight coverage was applied also to formations which appeared
to be lithologically favorable for mineralization. A Piper PA18 aircraft,
equipped with a Mark VI Nuclear Enterprises scintillation counter, was utilized
for the survey. The base of operations was Buffalo, Wyoming. Enthusiastic
and competent assistance was rendered by the ground investigation party with
D. N. Magleby in charge, and by the pilot, Jack Bethel.

TOPOGRAPHY AND GEOLOGY

Discussion of the topography and geology of the area will relate to the
two geologic districts covered in detail -- the east flank of the Big Horn
Mountains, and the Great Pine Ridge -- with mention of the formations
covered by reconnaissance flights.

Topography

The east flank of the Big Horn Mountains is characterized by a series
of north-south striking hogbacks paralleling the mountains and supported by
sandstone lenses within the Chugwater, Sundance, Morrison, Cloverly, and
Thermopolis formations.
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These hogbacks are dissected in many places by intermittent and peren-
nial streams which drain to the east. The relief of the hogbacks, 100-00
feet above the adjoining valleys, is insignificant compared with the steep
flank of the mountains formed by the Tensleep (Pennsylvanian) formation.
Exposures of these hogbacks are fairly continuous south from Buffalo to the
end of the Big Horn Mountains, although they are obscured occasionally by
broad sand and gravel terraces extending outward from the foot of the moun-
tains. North of Buffalo these terraces are more prominent and cover a much
larger portion of the hogback-forming sandstones.

Great Pine Ridge is a prominent cuesta formed by sandstones within the
Fort Union formation (Paleocene). It is characterized by a sparse growth
of pinon trees from which the name Great Pine Ridge originates. This timber,
the only prominent vegetation in the area, makes the ridge an outstanding
topographic feature. The cuesta is dissected east-west by numerous streams
to depths of from 10 to 100 feet. Relief of the ridge itself ranges from
50 to 300 feet above the adjoining plains.

Geology

A generalized geologic section of the southern portion of the area is
given below. The nomenclature applied is that of the southern portion of
the surveyed area as the formations were followed across the Montana-Wyoming
border, without regard to name changes.

The central core of the Big Horn Mountains consists mainly of pre-Cambrian
granites. Reconnaissance flight coverage was applied to these granites in
areas where they are known to contain a small amount of radioactive miner-
alization.

Formations above the pre-Cambrian granites, from Cambrian to Upper
Pennsylvanian, were not deemed lithologically favorable as hosts for uranium
mineralization and were not included in the radiometric survey. These
formations are the Flathead quartzite and the Gros Ventre formation, Cambrian;
the Big Horn limestone, Ordovician; the Madison limestone, Mississippian;
and the Amsden formation, Lower Pennsylvanian. Lithology and thickness of
these formations is given on Plate II.

The Tensleep formation, Upper Pennsylvanian, forms the first major
topographic rise of the east flank of the Big Horn Mountains. It received
a minor amount of reconnaissance flight coverage throughout the entire area.
The Tensleep is a massive sandstone colored from brown to white, with inter-
bedded dolomitic limestones. The sandstone beds as a whole are friable and
cross-bedded. Its thickness ranges from 50 feet in the northern part of the
area to 300 feet in the south.

Above the Tensleep formation is the Bnbar formation, Permian, consisting
of alternating beds of red shale and gypsum.
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Triassic red beds of the Chugwater formation overlie the Enbar forma-
tion and are composed of orange to red sandstones, siltstones, and shales,
with some thin layers of dolomitic limestone. Neither the Chugwater nor
the Fnbar formation received radiometric flight coverage.

Complete survey flight coverage was applied to the Sundance formation,
which overlies the Chugwater red beds over the entire area. This lower
Jurassic formation is characterized by a series of alternating greenish-gray
shales and buff- to yellow-white- to gray sandstones. The sandstones form
a series of hogbacks striking approximately north-south and ranging in dip
from 10 to hO degrees east.

Overlying the Sundance are the Morrison shales, Upper Jurassic in age.
This formation is composed of variegated shales with a few very thin inter-
bedded sandstones. Bone fragments and gastroliths are common, as well as
occasional complete dinosaur skeletons. A prominent white, friable, porous
sandstone near the base of the Morrison was included in the complete survey
flight coverage of the area.

The Cloverly formation, Lower Cretaceous, received the most detailed
flight coverage of the entire section. Stratigraphically, it is the equiva-
lent of the Dakota and Lakota formations in which uranium mineralization
has been found east of the Powder River Basin on the flank of the Black
Hills. The Cloverly formation along the east flank of the Big Horn Mountains
is a brown to white, fine-grained, porous sandstone, ranging in thickness
from 25 to 150 feet. Some channeling is noticeable at the base of this
formation. The Cloverly crops out as a hogback striking approximately north-
south and ranging in dip from 10 degrees east to vertical.

Above the Cloverly is a series of gray, yellow, and black shales consti-
tuting the Thermopolis, Mowry, and Frontier formations, all of Cretaceous
age. The Newcastle (Muddy) member of the Thermopolis formation, a gray-
white, friable, porous sandstone, was given complete flight coverage over
the entire area. Stratigraphically this sandstone lies in the approximate
center of the black shales of the Thermopolis formation and forms the last
hogback of the series flanking the Big Horn Mountains.

The Fort Union formation, Paleocene, is the only formation above the
Newcastle sandstone that received complete flight coverage. The Fort Union
consists of a series of fine-grained sandstones, bluish-white shales, and
coal beds. Its thickness is approximately 2000 feet. Clinker beds and
baked siltstones are prevalent near the top of the formation, and at one
place in these beds radioactivity is noticeable. This zone of radioactivity
had previously been discovered by United States Geological Survey ground
investigations. A coarse-grained, cross-bedded, ferruginous sandstone near
the top of the formation caps the Great Pine Ridge.

-5 -



Structure

The Big Horn Uplift is an anticline rising steeply out of the almost
flat beds of the surrounding plains. According to Darton, the maximum
total uplift of the mountains is approximately 25,000 feet. Faults and
minor crenulations along the flank of the mountains are the most noticeable
local structural features. The most prominent fault in the area is a
thrust fault just north of Buffalo, Wyoming, which has a displacement of
about 9,000 feet. All of the faults were given reconnaissance flight cover-
age at points where they were not obscured by gravel cover.

AIRBORNE PROCEDURES

Flights along the east flank of the Big Horn Mountains were conducted
with particular attention to the geology rather than the topography. The
geology was transferred from a recent map of the area to topographic sheets,
and these were used for plotting flight lines in the area south of Sheridan.
No topographic sheets were available north of Sheridan, and Oil and Gas map
No. OM122 was used for control in this area. The Cloverly, Morrison, and
Sundance formations, and Newcastle member of the Thermopolis formation
received complete flight coverage, along with the "Pine Ridge Sands" of the
Fort Union formation. Reconnaissance flights were made over parts of the
pre-Cambrian granites, the Tensleep, and the Lance formations.

Flights were conducted at altitudes of from 10 to 75 feet according to
the terrain. Where dips were steep and outcrop narrow, one flight line at
an altitude of approximately 50 feet was found sufficient to cover the entire
Cloverly formation, or one of the sandstone facies of the Sundance, Morrison,
or Thermopolis formations. At points where the beds were comparatively flat,
several flight lines were necessary for complete coverage.

The "Pine Ridge Sands" of the Fort Union formation were surveyed at an
altitude of approximately 50 feet. Flight lines paralleled the strike of the
ridge at 100-foot intervals. Where the ridge was dissected by streams per-
pendicular to its strike, the stream valleys were surveyed to insure complete
outcrop coverage.

Results of airborne procedures

During the entire operation only two definite anomalies were located,
one in the Fort Union formation and one near the top of the Morrison formation.

The anomaly in the Fort Union was found in Sections 25, 26, 35, 36,
Township 39N, Range 77W, about 10 miles east of Midwest, Wyoming. Ground
investigation proved this to be a broad area of very weak radioactivity in
which only one small sandstone outcrop showed a possible uranium miner-
alization. Subsequent assays showed the uranium content of this outcrop to
be 0.02-.03% U3 08, both radiometrically and chemically.

-6-
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The anomaly in the Morrison formation was found in Section 3h, Township
hS, Range 29E, and Section 3, Township 5S, Range 29E, 27 miles southeast of
Billings, Montana, on Crow Indian Reservation. Ground investigation of this
anomaly revealed a very weakly radioactive zone within shales of the Morrison
formation. It is possible that this radioactivity is due to radon gas or
other daughter products of mineral buried beneath the outcropping sandstones
and shales. A slight increase of radioactivity was noted in several pits
dug by the ground investigation party (Plate IV), but very low assays were
obtained from samples taken in these pits. Chemical assays were from nil
to 0.01% U308. The Morrison shales in the Crow Indian Reservation area
showed a much higher background than those to the south, but only this one
sharp anomaly was found.

As a whole, the area covered showed very little radioactivity. Back-
ground readings were particularly low over the Tensleep, Cloverly, and Sundance
formations. Higher backgrounds were obtained over the black shales of the
Thermopolis formation, and certain parts of the Morrison formation. These
shales had previously been known to contain a very small amount of radioactive
material. For the benefit of future airborne surveys, Table 1 lists the
formations that were surveyed and the average background readings, in milli-
amperes, indicated by the Mark VI Scintillometer at an approximate altitude
of 50 feet. Since the readings are relative and because there are slight
differences between instruments, a factor of 1 has been assigned to the
Tensleep formation and the relative background intensities are based on it.

Table I. Measured and Relative Background Intensity of Formations Surveyed

Relative
Formation N. A. Reading Background Intensity

Tensleep 15 1
Sundance 30 2
Morrison (southern area) 30 2
Morrison (Crow Reservation) 50 3.3
Cloverly 45 3
Thermopolis 55 3.7
Fort Union 45 3

GROUND INVESTIGATION PROCEDURES

Ground investigation, for the most part, was concerned with reconnais-
sance coverage of the entire area, particularly in formations not given
complete flight coverage. This made possible a reconnaissance coverage,
either in the air or on the ground, of all lithologically favorable facies
in the entire geologic section of the area. A Halross Model 939 portable
scintillometer was used for this coverage, which consisted of road traversing
with a Jeep pickup and rim walking.

-7-
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Several investigations were made at the request of local ranchers and
prospectors, but only two of these investigations revealed any radioactive
mineralization.

Detailed ground and radiometric investigations were made at the two
anomalies found by the airborne survey. Isorad maps, geologic maps, and
sections were made where warranted.

Results of ground investigations

Other than the two airborne anomalies previously described, only two
localities examined by the ground investigation party showed any radioactivity.

The first of these was a radioactive zone in the pre-Cambrian granites
which was examined at the request of Mr. Lyle Ramsbottom, a local rancher.
A traverse was run with the hand scintillometer and samples were taken. Sub-
sequent assays proved the zone of highest radioactivity to contain 0.06%e
U O8 and 0.04% chemical U 08* No megascopically visible uranium mineral was
p esent, and the extent or the deposit could not be determined by surface
examination.

Radioactivity was also noted in dinosaur bone fragments embedded in a
sandstone facies of the Morrison formation. Radioactivity was confined solely
to the bones, none apparent in the adjacent sandstone. The fragments were
small. and inconsequential as a possible source of uranium. Chemical assays
on samples of bones showing the highest radioactivity indicate 0.23% U308.

SUMMARY AND CONCLUSIONS

The area covered by this radiometric survey shows practically no potential
as a future source of uranium-bearing minerals.

There is a possibility that some spots of increased radioactivity were
missed during the course of the survey, but any economic deposits that crop
out at surface should have been found.

The Fort Union formation south and east of Midwest, 1iroming, may hold
some possibilities for radioactive mineralization and this formation should
be surveyed.

An area of approximately 250 square miles was surveyed in 85 hours of
flying time. It would seem, therefore, that for future airborne projects
in areas of similar topography, approximately 3 square miles of complete
flight coverage per hour of flying time is a reasonable factor for esti-
mating the time to complete any particular project.
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